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Synthesis of Natural Products Iridodial and Actinidine and a Novel Pyridine Synthesis 
Joel Beckett and Dr. John Hofferberth
Department of Chemistry, Kenyon College
• Myrmecophilic relationship between the butterfly Jalmenus evagoras
and ants species Iridomyrmex ancepts.
• Iridomyrmex tend to the juvenile butterfly larvae. 
• The butterfly larvae secrete nutritious food rewards to their attendant 
ants.
• How does the female butterfly know where to lay her eggs?
• Two step decision process:
• 1. Find a edible plant
• 2. Find a plant with Iridomyrmex ancepts
• All Iridomyrmex populate plants of the genus Acacia, thus the decision 
must be driven by chemical signals between the ant and butterfly.
• Initial data suggested that ant semiochemicals iridodial and actinidine 
can be detected by the butterfly and influence egg laying behavior.
Biological Background
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Iridodial Actinidine
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Chemical Formula: C10H13N
Molecular Weight: 147.22
Chemical Formula: C10H16O2
Molecular Weight: 168.23
The Targets
Iridodial and actinidine are small terpene-derived natural products involved in the 
external chemical signaling of many insects. Iridodial is an iridoid, an important class 
of terpenoids found in natural systems.  Actinidine is commonly found in the roots of 
Valeriana officinalis, but is also a known chemical defense secretion and alarm 
pheromone in insects.  Additionally, it has an attractant effect on various mammals, 
including cats.  These two chemicals are thought to drive the myrmecophilic 
relationship.
Abstract
A concise synthesis of two biologically active natural products, iridodial and 
actinidine, was developed. Racemic iridodial was prepared in 4 steps with a 
yield of 17%. Actinidine was prepared utilizing a novel synthetic process in 2 
two steps with a yield of 35%.  
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Figure 1: Gas chromatography with 
electroantennographic detection (GC-
EAD) of synthetic iridodial (blue) and 
natural extracted iridodial (black), tested 
on Jalmenus evagoras antennae.
Analytical Method: 
Gas chromatography with electroantennographic detection (GC-EAD)
Figure 2: GC-EAD of synthetic actinidine 
tested on Jalmenus evagoras antennae.
Discussion
Successful synthesis of biologically active actinidine and racemic iridodial were completed 
over this summer.  Racemic iridodial was synthesized to an overall yield of 17% and 
actinidine was synthesized in a 35% overall yield. The identity of each was confirmed with 
IR, GCMS, NMR and GC-EAD.  The yield limiting step in the syntheses is the difficult 
oxidation of citronellal to the α,β-unsaturated dialdehyde intermediate (3).  The most 
exciting discovery during summer research was a new synthetic method for pyridine 
formation.  The proposed mechanism (right column) goes through a series of steps including 
oxime formation and an intramolecular Diels-Alder reaction.  The equilibrium laden 
mechanism is driven by the stability of the aromatic pyridine ring.  For future studies, we 
plan to explore the scope of this pyridine synthesis.
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Proposed Mechanism
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